A major role of G proteins is to couple extracellular messengers to intracellular effector systems. Upon activation by receptor, a heterotrimeric G protein dissociates into a GTP-bound a subunit and a /3y subunit complex, both of which are able to modulate the activity of effectors [l]. These G proteins are positioned at the inner face of the plasma membrane where they are able to interact with membrane-spanning receptors and effectors. The molecular basis for interaction of signal-transducing G proteins with the membrane is not well understood as they lack clear hydrophobic domains which would be anticipated to promote interactions with the lipid bilayer. Covalent lipid modifications of G protein subunits appear to facilitate membrane association and interaction with other components of the signal-transduction systems [2] .
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The y subunits are prenylated and carboxymethylated at their C-termini. These modifications facilitate association with the /3y complex with membranes and are indispensable for high-affinity interactions of Py with a subunits, receptor, and effector molecules . Members of the a; subfamily of a subunits are irreversibly modified by myristate amide-linked to the N-terminal glycine residue (Gly-2) [6-91. Myristoylation increases the affinity of a for By and effector and also plays a role in membrane localization [7, . Palmitate is the most recent modification to be identified and this fatty acid is found linked to several a subunits . Most members of the a , subfamily are tandemly modified by both myristate and palmitate (presumably at Gly-2 and Cys-3 respectively) [ 131. The reversibility of palmitoylation makes it an exciting modification to study since it could potentially serve a regulatory role in signal transduction.
One of the best-characterized examples of guanine nucleotide-regulated signal transduction is the hormone-sensitive adenylate cyclase system. Production of the second messenger, cyclic AMP, by the effector enzyme is under dual stimulatory and inhibitory control by G proteins termed G, and GI [ 11,181. Receptors that stimulate adenylate cyclase are coupled to the enzyme by G,, whereas inhibitory receptors interact with Gi. The dynamic Abbreviation used: GPI, glycosyl-phosphatidylinositol. $To whom correspondence should be addressed.
potential of palmitoylation prompted us and others to examine whether receptor stimulation could regulate palmitoylation of a, (the a subunit of G, which stimulates adenylate cyclase activity). When COS cells are incubated with ['Hlpalmitate in the presence of the /3-adrenergic receptor agonist, isoprenaline (isoproterenol), incorporation of radioactivity into both the long-and short-splice variants of endogenous a, were increased relative to untreated cells (Figure la) a, is stimulated in these cells) [20, 21] . Exposure of cells to forskolin (a direct activator of adenylate cyclase) or to dibutyryl cyclic AMP had no effect on incorporation of ['Hlpalmitate into a, which suggests that the effect of isoprenaline is directly mediated by activation of a,, rather than by cyclic AMP acting as a second messenger [19] [20] [21] .
Pulse-chase experiments have been conducted to distinguish whether the agonist-induced increase in ['Hlpalmitate incorporation into a, ( Figure la) could be attributed to an increase in the stoichiometry of palmitoylation (addition of radioactive palmitate to previously unpalmitoylated a,)
or to an increase in the turnover of palmitate on a, (loss of unlabelled palmitate from a, allowing replacement by radioactive palmitate) [ 19, 211 . In these experiments radioactivity in a, was lost more readily in cells incubated with isoprenaline, suggesting that the agonist increases the turnover of palmi- mechanistic hypothesis is that the activated a subunit is the preferred substrate for a palmitoylthioesterase. If receptor or a downstream mediator were to activate such an enzyme directly, then the enzyme must have specificity for a given receptoractivated a subunit, since changes in a, were observed but not in ai or the transferrin receptor. Although this mechanism would suggest a net decrease in the level of palmitoylation of a,, firm conclusions cannot be drawn since the stoichiometries have not been measured. It will be of interest to learn whether receptor-mediated changes in the palmitoylation of a influence its interactions with receptors and/or effectors or their distribution within the cell. A correlation has been drawn between receptor activation of an epitope-tagged a, (expressed in S49 cells), modulation of its palmitoylation, and release of the protein from membranes [21] . In contrast, we have not yet been able to demonstrate release of endogenous a subunits from membranes by activation (S. M. Mumby and K. H. Muntz, unpublished work).
Myristate was previously thought to dictate membrane association of a, and a, since a Gly-2 to Ala mutation of these proteins prevented them from being myristoylated and targeted them to the cytoplasmic fraction of COS cells [7, 12] . The contribution of myristate to the localization of the proteins became unclear when it was later realized that palmitate was also missing from these Gly-2 mutant proteins [ 191. Apparently myristoylation must precede palmitoylation. Myristoylation of dually acylated a subunits may be necessary for substrate recognition by a protein palmitoyltransferase; alternatively, myristoylation may be necessary for association with membranes, wherein protein palmitoyltransferase activities have been detected [22] . Mutagenesis of Cys-3 prevents palmitoylation of a,, a;, or a,, presumably because Cys-3 is the site of palmitoylation of these proteins [ [14] [15] [16] 191 family of tyrosine kinases [ 14, 19, 25] . These  proteins (a,,, a,, a, into Triton X-100-insoluble complexes (unlike the unpalmitoylated wild-type protein) [20] . It was concluded that the partitioning of palmitoylated Src-related kinases into Triton X-1 00-insoluble complexes represents a distribution of these proteins to caveolae. The tandem acylation and the Triton X-100 fractionation similarities between a, and the kinases have led us to propose that dynamic palmitoylation of a subunits may regulate a distribution into and out of membrane specializations such as caveolae. W e are using immunocytochemical techniques to study, in greater detail, the distribution of G proteins within the cells. We find that G protein a and / 3 subunits are distributed in a punctate immunofluorescent pattern consistent with labelling of the plasmalemma and internal membranes. The punctate pattern of a, staining at the plasmalemma was confirmed by immunofluorescent labelling of plasma membranes isolated on coverslips by sonication ( Figure 3) . W e propose that the punctate pattern represents a clustered distribution of a , at the plasma membrane. T o determine whether the Cells grown on coverslips were sonicated under conditions that removed the upper membrane and intracellular components leaving the internal surface of the lower membrane exposed [32, 33] The membrane was fixed in 37% para formaldehyde and incubated in affinity purified C-terminal peptide antibodies selective for a and a ?, followed by a fluor escein-labelled second antibody The labelling pattern on the internal surface of the plasma membrane IS 
